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repori, due to delays,covers the eight month period to
1

earch and development programs may be summarized under the

1. Improved Structural Stability of Ni-ThO, and Ni-Mo-ThO, Alloys
Produced by Selective Oxide Reduction

ihe Role of Stored Energy and Recovery on the Properties of
persion Strengthened Iron

] Structure Control on the Strength and Ductility of Fe-BeQ Alloyc
4. Oxide Dispersion Strengihened Niobium Alloys

5. High Volume Intermetalliic Compound-Ductile Binder Composite Alluys

6° Mechanism of Deformation and Fracture in Oxide Dispersion
thened Allcys

7. Oxide Dispersion Strengthened Alloys by Surface and Internal
Cxidation Processes

2. Regarding Intermnal Oxidation Processes

During this period the following publications were processed:

1. "ThO, Dispersion-Strengthened Ni and Ni-Mo Alloys Produced
hy Selective Reduction'" by J. G. Rasmussen and N. J. Grant: Powder
Metallurgy, Vol., 8, No. 15, 1965, p. 92.

2. M"Alumina Dispersion~Strengthened Copper-Nickel Alloys' by

Po)

Wichio Yamazaki and N. J Grant: Trans. AIME Met. 5Soc., 233, No. &,
1865, p. 1573,

- .

included in publication of Proceedings of the Eleventh Sagamore Army
Materials Researxch Conference on Strengthening Mechanisms in Metals,
by Syracuse University Press, 1965.

2 "Dispersion Sirengthening” {(Chapter) by N. J. Grant: to be

4. "Aluminide-Ductile Binder Composite Alloys: by J. S. Benjamin
and N. J. Grant: Submitted for publication to AIME Met. Soc.

5 "Oxide Dispexrsion Strengthened Niobium" by Diane Margel and

— .

4 J. Grant: (toc be published}.

6. "The Role of Cold Work and Recovery in Oxide Dispersion
strengthened Iron" by A. S. Bufferd and N. J. Grant: (to be published;.




trengthened Nickel" by R. J
hed.
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Submitted by:

Professoxr N. J. Grant,
Supervisor

John Benjamin
Allan Bufferd
Gary Bwell
Francis Hunkeler
Diane Margel
William Schilling

Research Assistants



and Ni-Mo-ThO, Alloys
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te avoid reoxidation of the ultra-fine Ni
ccld compaction, and in the canning operation.
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cormed at a low extrusion ratio, appeared
si on. These alloys were given a

with and without intermediate annealing
. le”el o’ stored enexrgy. Evaluation of the

was by means of annealing treatments at increasing
znd 5 hours, by means of room temperature tension
rupture tests at 982°C.

oy g
0

,
s

>roved hardness maintenance by the Ni-ThO,; alloy with
?uvp {toc 1200°C), in the as-extruded condition, sub-

3 treatments did not increase the high temperature
values. Softening occurred near 982°C.

Ni-Mo-T w>2 alloy showed low potential for cold work and failed
¥

Aarcar sbhouwt 30% cold work regardless of processing treatments.

yite of apparent QthSLaCZOIV oxide dispersions, and at-
ments in processing, these two new alloys did not yield
ture propertiies as good as those reported by Rasmussen
anove). Further checks of the system indicated that
the ultra-fine metal powdexs did occur, probably due to
th2 can pricr to extrusion. The approx1matexy 0.2 micron
gly reaciive and must be protected coumpletely at all
288ing.

tal uantities of the 0.2 micron NiO and MoO, remain
a0 3 3 once more in an effort to avoid all sources
o minats loys are now in process and should be tested
v tre end of 1965,

£ ¥ period, it had been observed that the
¥ eadily whereas the Nb-ThO, alloys were

a L2 ng extrusion. Subseguent examination of
ot S3xle it re had been agalomeration of the Al,0,,
TO & UOATYS texparticle spacing and easy working. The more

cry Ty, remained in a finer state of distribution but was found

ote 3 riginal surfaces of the relatively cocarxse
ticles., This led to greater difficulty in
aond 3 xtensive cracking occurxed during extrusion.
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of the NpH is necessary to try
compared to 6 to 7) forxr signific

steel should be used during

ivity of one micron niobium, extrere pre-
handling such fine powders, after decomn-

cf Oxide

work of Cremens and Grant, which indicated a potential
strencth due to cold work of oxide dispersion

2 ys, extensive work in the USSR has expanded cn the

N3 1 itional cold work after hcet exirusion or hot forging.
05l and Worn, in Great Britain, then demonstrated the large potential
o oo ld work Tow oxide alloys ef lightly hot worked siructures; their
wo < ia particular placed emphasis on the important role of intermediate

craling treasments afisr 5 to 15 percent reduction by cold deformation.

S cessin since been adaptied to the strengthening of TD-Ni

!

the factors involved in these processing steps were
The variables of interest include volume content
-ticle spacing), extrusion ratio, extrusion tempera-
worlk per step, time and temperature of the inter-

program, iron was selected as the base because one
desired ratio above or below the alpha to gamma
hereby retain or completely eliminate cold work of
mxi&es were alpha and gamma A1,0; and ThO,.

Th2 resulis indicated that:
ce of low extrusion ratios is important primarily in low oxide
Tow for a given fine oxide particle size, the oxide
15 percent) the interparticle spacing will be small
ow capacity for subseguent cold worxk. Crackinq
srause of innate low ductility characteristics.

Y

At low @;i;e content (1 to 4 volvme pe;ceut), low exirusion ratios

aﬂ to tbe ducflle




2 wvolume percent oxide alloy
WQﬁuc*ion of area can be uti
[ngl =)

1
Ber Thirermocista sancaling treatments are nececs

p3ae,

as many as 10 steps {or
lized without crackina,
ar

m

1iny itreatments can be carried owut over a rather wide
oyovidad that one is well above the minimum recrystal-~
e of the metal ox alloy. For iron this would be 700

1 T8 recrystallization occurs, the structure can bhe
: of lersser imnortance.

'dnCQ, but as yet poorly understood, is the dis-~
rgy in the alloy. Apparently the intermediate
ugunble of JOlyGOﬁiAjn” the structure between
tangles around the

w being prepared for publication and preprints should
about six weeks.

on the Strength and Ductility of Fe-BeO Alloys

ed both from previous work and recent preliminary
ilon could be benef1c1a11y oxide dlSDGISlOﬂ
3

t, however,;, that the maximum number of applications will
on and iron base alloys, making it desirable to do further
oys to opiimize structure and properties.

shown that Fe-Al,0,; (gamma) alioys at 650°C were 2 to 3

a 1060-hour rupture life than any of the 400 series

204 stainless steel; however, exposure to higher tem-

i conversion te alpha Al,0,; with partial loss of

DY = it was observed that there was frequent contamination
4 e Al,05 by unweuuced iron oxides, leading to spinel (Fe0.Al1,0;)
stoustures and poorer properties.

Similariy M0 was a good dispersoid but reacted too readily with
acodture to give high strength values at 650°C.

. i quite stable normally, but also absorbs water from tbe atmos-
; This increases the iron oxide content and often leads tc low
wiuoperties.  Further ThO, is both heavy and expensive. Thus BeO appeared
“o De an attractive choice, especially in view of its extreme Ftability.
proclem was how best to achieve the finest possible dispersion in a
ceoroducible manner.

Foy this program several processes have been investigated. As of
1 the aporyoaches which appear mest attractive are:
2}  intermal omidation: a laxge sexies of trials have been run in an
oyt to establish the {ZO:H2 ra'iﬁ vhich will give the best oxygen
- e for owidat b These tests are continuing.
ly onz utilized the oxyceﬁ prgqcu e derived Ifrom decomposition
3 2UCh 20, Fel, Ni0, etc.




n a mixture of Fe,0,; and BeO: the relative

s easy comminution to 0.2 to 0.5 micron.
accomplishad at relatively low tempera-
formatinn with the BeO, as was the problem

1t decomposition onto iron oxide: this process

0.01 to 0.05 micron BeO from available salts, onto
i The process is attractive because of

0O - ThG, and NiO-MoO,-ThO, systems.

c;\ bele g

gl
]

way on these and othexr systems; two will be
month cr two for alloy production and testing.

intermetallic Compound -~ Ductile Binder Composite Alloys

work were extensively reported in the previous progress
e repeated.

nnical report has been submitted to the AIME for publication
ave been submitted to NASA. Only the conclusions will

cnable ;pproximation of the optimum cermet structure can
powde metallurgy techniques plus hot extrusion provided
"”**3ctovy phase is coated wlih the ductile binder phase

Tne hich temperature strength values of the CoAl and NijzAl based
tes are greater than those of the pure refractory hard phases
part. to added benefits of oxide dispersion strengthening and

3 cold work of extrusion.

ength values at 982°C are good. Alloys with
e in a2all cases stronger than the pure hard
wuld be either aLloyed toc nearx equlllbrlum
ed on higher melting temperature materials to
and thereby decrease phase interactions and

- 20 Cr alloys.

temperature stress - strain characteristics of CoAl
C3Wu3¢it9 were similar to those of conventional TiC

se alloys of both NiAl and NizAl exhibit up to 1.5

3ig s
ot wlastic elongation at fracture in room temperature tests.

results of room temperature bend tests suggest that micro-
4 tﬁe presence of phase boundaries are more important than
af the phases themselves.




6) Mechanisms of Deformation and Fracture of Oxide Disso
Strengthened Allovs

In spite of considerable work on oxide dispersion
over a period of 15 years, we are not today able to
mation mechanisms ox fracture mcdes. The roles
subgrain boundary shear have not been studi=d;
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1lad UL DSl UUdDTLo V‘:‘:do

It is the purpose of this phase of the program to sesk ansvuzis
to classify deformation and fracture behavicr.

Internal oxidation of Cu-Al alloys is planned to yield wvari
amounts of oxide content, interparticle spacing, etc. Allowys

i}
-

study, vacuum melited, have been received and converited into
milled chips. In turn these chips are being coaverited inte
powders (flake shape) for subsequent internal owidation.
of oxide, particle size and interparticle SpaClﬂC will bhe est
= K]

in each case. Particle spacings up to 2 microns are nlanned
metallongraphic and X-ray studies.

Alloys with and without subsequent cold work
mechanical behavior. The internal oxidation stz

In addition an effoxt will be made to produce very <o&xc
foil or sheet of similar composites (these alloy“ are on ha
to selectively internally oxidize grains and gran bounderies
with and without cold work will be studied. In this way i
of oxides to grain versus grain boundary stability will be
for optimization of structure.
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7) Oxide Dispersion Strengthened Alloys by Surface and intezrnasl O

Techniques

It has been thought for toc long that the Al
unique in this family of alloys. Actually pLoDe
readily oxidizable element in relatively dilute so
surface oxidation of fine powders. With flake pow
surface area is extremely large and siamificant cor
content may be expected.

This project, just now underway, will exominae
and Cu~Ni-A1,0,;. By producing subnicron powdars,
practical significance may be achieved (1 - 2 percen
of surface oxidation plus internal oxidation fuxtis
expected.

The alloy powders arxe on order.
techniques to produce the suybmicron s




depth of oxide penetraticon with time, temperature and compositicn:
in oxide particle size with depth of penetration; differences i
oxide particle size for the different solute elements; and &
in oxide size variation with composition.

These studies were not completed about twe years aqo duz to fthe
departure of the principle investigater. That centlemzn is e
us again, and will complete this fasc1ﬂat1nq and importaut G

Y

that major improvements in oxide dispersion strenathene d
can be pursued. The program is just now being reactivate



